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INTRODUCTION
Epidermal cyst (EC), also called epidermoid cyst, 
infundibular cyst, or sebaceous cyst, is one of the common 
and benign cutaneous tumor-like lesions (1-5). It tends to 
remain asymptomatic and slowly grows as a benign dermal 
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nodule with extremely rare malignant transformation (6-
8). However, EC may become painful with the ulceration of 
the epithelial lining. This often precludes clinicians from 
differentiating EC from other symptomatic, superficially 
located soft tissue lesions (9, 10). Moreover, complete 
surgical excision of EC is required due to the high risk of 
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recurrence (11). These characteristics of EC necessitate an 
accurate differential diagnosis. However, differentiating EC 
from other subcutaneous cysts, solid tumors, or vascular 
lesions is sometimes challenging (12). Many superficial 
lesions can be misdiagnosed as EC on the initial ultrasound 
(US) examination, partly because the incidence of EC has 
been reported to be the second-highest after lipoma (10). 
In most clinical situations, US has been widely used as 
the first imaging modality owing to its superiority over MRI 
in terms of cost-effectiveness (9, 13-17). Nevertheless, to 
the best of our knowledge, the reported US features of EC 
could still not provide a definitive differential diagnostic 
point in practice (9, 12). Therefore, this study aimed to 
develop a diagnostic regression model for differentiating 
EC from other superficial soft tissue lesions based on their 
distinguishing US features and visualizing it as a nomogram 
to aid differential diagnosis. 
MATERIALS AND METHODS
This retrospective study was approved by the Institutional 
Review Board of a single institution. The requirement for 
informed consent from patients was waived.
Patients
Patients who had palpable, superficial soft tissue lesions 
and underwent US examination before surgical excision, 
between January 2008 and October 2017, at our institution, 
were identified. The demographic characteristics of the 
patients were reviewed from the electronic medical records. 
Patients who underwent subsequent surgical excision and 
reported pathology were included in this study. Ineligible 
patients were excluded based on US image analysis by 
a senior musculoskeletal radiologist (reader A, 35 years 
of experience in musculoskeletal radiology) by using the 
following criteria: 1) mass with characteristic US finding of 
lipoma (18) and pathologically confirmed as such (19), and 
2) mass occurring deep to the investing fascia (10). The 
flow chart illustrating patient selection is given in Figure 1.
US Examination
All US examinations were performed by an experienced 
musculoskeletal radiologist (reader B, 20 years of 
experience), using 5- to 12-MHz linear-arrayed transducers 
Patients with superficial soft tissue lesion,
who underwent US examination
n = 964
Patients excluded
n = 494
Reason for exclusion was absence of pathology confirmation
Patients excluded
n = 265
Reason for exclusion was appearance of lesion on US 
  examination, as assessed by reader A:
•  Mass with characteristic US finding of lipoma and 
confirmed as lipoma, n = 69
• Mass occurring deep to investing fascia, n = 196
-  Mass from joint capsule, synovium or tendon sheath,  
n = 29
-  Mass from nerve, n = 6
-  Miscellaneous, n = 161
Patients with subsequent surgical excision and
pathology reported
n = 470
Patients included in analysis
n = 205
(ECs: n = 114; others: n = 91)
Fig. 1. Flow chart illustrating patient selection. EC = epidermal cyst, US = ultrasound
1411
Ultrasound Feature-Based Diagnostic Model for Epidermal Cyst
https://doi.org/10.3348/kjr.2019.0241kjronline.org
with the following systems: iU22 (Philips Medical Systems, 
New Hartford, CT, USA) or Aplio 500 (Canon Medical System, 
Tokyo, Japan). 
The routine US protocol comprised gray-scale and 
color Doppler US examinations. The gray-scale image was 
obtained in the transverse and longitudinal planes for each 
lesion. Color Doppler study was performed after optimizing 
the visualization of minute vasculature and avoiding 
artifacts most of the time. The pulse-repetition frequency 
and wall filter were set as the lowest possible (20). Doppler 
gain was modulated to the maximum signal at the threshold 
to noise (21). 
US Image Analysis
US Features as Variables
Two musculoskeletal radiologists (readers B and C, with 
20 and 10 years of experience, respectively), blinded 
to the pathology results, independently evaluated each 
examination retrospectively. The US features of the lesions 
were described according to the following categories: 
whether the lesion involved more-than-half-depth of the 
dermal layer, whether the lesion showed the “submarine 
sign,” presence of posterior acoustic enhancement, presence 
of posterior wall enhancement, morphology, shape, margin, 
echogenicity, vascularity, and presence of perilesional fat 
change. The evaluated categories are summarized in Table 1.
The location of the lesion was analyzed based on more-
than-half-depth involvement of the dermal layer. The 
“submarine sign” is explained in detail in the following 
section. Posterior acoustic enhancement was defined as 
increased transmission deep through the lesion (22). 
Posterior wall enhancement was identified when the deepest 
wall of the mass appeared hyperechoic. The morphological 
category was evaluated based on the presence of a known 
morphological feature of EC (2, 23). The morphological 
classification of EC by Lee et al. (2) was used with 
modification for this purpose. Type 3 and 4 lesions, which 
were hypoechoic lesion with a central echogenic focus and 
inhomogeneously hypoechoic lesion, respectively, were 
excluded as the findings appeared nonspecific. In addition 
to the classification system stated above, “pseudotestis 
sign” of EC described by Huang et al. (23) was also used 
as a morphological indicator. The categories for shape and 
margin were adopted from the US lexicon concept from the 
fifth edition of the American Society of Radiology Breast 
Imaging Reporting and Data System (24) and modified 
for this study. The shape of the lesion was classified 
as oval, round, or irregular. Additionally, the margin of 
the lesion was classified as circumscribed, indistinct, or 
lobulated. Echogenicity was classified as hypoechogenicity, 
isoechogenicity, or hyperechogenicity as compared to the 
echogenicity of the adjacent hypodermal fat (17, 20). 
Vascularity of the lesion was evaluated on color Doppler 
images as absent, central, or peripheral. The presence of 
perilesional fat change was determined when the adjacent 
fat showed increased echogenicity to the deep hypodermal 
fat on the gray-scale image (25, 26) or increased signal as 
hyperemia on Doppler image (27).
Submarine Sign
We introduce a descriptive term “submarine sign,” which 
Table 1. US Characteristics of Superficial Soft Tissue Lesions
US Characteristics Category Evaluation
More-than-half-depth involvement of dermal layer Presence or absence
Submarine sign: Focal protrusion to epidermis Presence or absence
Posterior acoustic enhancement Presence or absence
Posterior wall enhancement Presence or absence
Morphology: Alternating hypoechoic and hyperechoic concentric 
  rings, predominantly hypoechoic lesion with central echogenic 
  focus, lobulated lesion with area of varying echogenicity or 
  pseudotestis pattern
Presence or absence
Shape Oval, round or irregular
Margin Circumscribed, indistinct or lobulated
Echogenicity Hyperechogenicity, isoechogenicity or hypoechogenicity
Vascularity No visible vascularity, central vascularity or peripheral vascularity
Perilesional fat change Presence or absence
US = ultrasound
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is depicted in detail in Figure 2 and provide suitable 
examples (Figs. 3, 4). The “submarine sign” is defined when 
the lesion shows focal projection of the hypoechoic portion, 
regardless of the width, depth, and morphology, towards 
the epidermis. EC may have a clinically visible punctum 
representing the follicular infundibulum of the terminal 
hair from which the cyst is derived (4, 5, 14, 28, 29). We 
speculated that the “submarine sign” may be related to 
the punctum (Fig. 2) and regarded it as a possible image 
feature of EC.
Statistical Analysis
The included patients were divided into the derivation 
and the validation sets according to the date of imaging 
(January 1, 2014) (30). Pearson’s chi-square test or Fisher’s 
exact test were performed to compare the categorical 
image variables between EC and other superficial lesions 
for categorical image variables. Interobserver agreement 
was assessed using Cohen’s kappa statistics. Based on the 
derivation set data from reader B, multivariable logistic 
regression was performed to obtain the odds ratios (ORs) 
and p values to assess statistical significance (31, 32). 
A diagnostic model was developed and constructed as a 
nomogram. Through internal and external validations, we 
attempted to examine the performance of the diagnostic 
model (33, 34). The discriminatory ability of the diagnostic 
model was calculated using the area under the curve (AUC) 
of the receiver operating characteristic (ROC) curve. The 
Hosmer-Lemeshow test was used for testing the goodness 
of fit for the model. Moreover, a calibration plot was 
constructed to investigate the agreement between the 
observed outcomes and diagnostic prediction for the 
derivation and validation sets. For the derivation set, 
200 bootstrap resampling was applied to obtain bias-
corrected calibration (31). In contrast, the image variables 
constituting the diagnostic model were compared with the 
AUCs using the DeLong method to compare the predictive 
power of each variable. All statistical tests were two-tailed. 
A p value less than 0.05 indicated statistical significance 
with a 95% confidence interval (95% CI). In addition, a p 
value greater than or equal to 0.05 and less than 0.1 was 
considered as indicating a trend towards significance to 
Fig. 3. Representative case of “submarine sign” in 54-year-
old female with EC in back. Focal protrusion of hypoechoic portion 
(arrowhead) from main mass appears as “submarine sign.” Arrows 
indicate delineation from adjacent hypodermal fat. 
Fig. 4. Another representative case of “submarine sign” in 
32-year-old male with EC in posterior neck. Focal protrusion of 
hypoechoic portion (arrowheads) from main mass appears like “tract-
to-skin sign.” It also counted as “submarine sign.” Arrows indicate 
delineation from adjacent hypodermal fat.
Fig. 2. “Submarine sign” of EC.
A. Illustration demonstrating “submarine sign,” which is defined 
when lesion shows focal protrusion of hypoechoic portion (b) from 
main mass (a) to epidermis (arrowhead). B. Photomicrograph (original 
magnification, x 400; hematoxylin-eosin stain) shows focal tract-like 
appearance (arrows) of EC and epidermis.
A
B
b
a
Dermis
Hypodermis
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increase the sensitivity for detecting a potential selection 
bias. The statistical analysis scheme is given in Figure 5.
Statistical analysis was performed using SAS (version 
9.3, SAS Institute Inc., Cary, NC, USA). The R Project for 
Statistical Computing (version 3.2.2, The R Foundation, 
Vienna, Austria, http://www.R-project.org) was used to 
develop the diagnostic model as a nomogram.
RESULTS
In the study period, 964 patients underwent US 
examinations for superficial soft tissue lesions, among 
whom, 470 patients underwent subsequent surgical excision 
and pathological examination. All patients had solitary 
lesions. As per our criteria, 265 patients were excluded 
for the following reasons: 1) mass with characteristic US 
finding of lipoma and pathologically confirmed as a lipoma 
(n = 69), and 2) mass present deep to investing fascia (n 
= 196). Finally, the study population comprised 205 dermal 
lesions from 205 patients. 
For the derivation set, we identified 56 patients with 
pathologically confirmed EC (mean age, 37.3 years; 32 
female patients and 24 male patients) between January 
2008 and December 2013. Another 56 patients were 
pathologically confirmed as having other soft tissue disease 
(mean age, 43.9 years; 33 female patients and 22 male 
patients) during the same period. These 112 patients were 
included in the derivation set for the construction of the 
diagnostic model.
For the validation set, we identified 58 patients with 
pathologically confirmed EC (mean age, 37.0 years; 14 
female patients and 44 male patients) between January 2014 
and October 2017. Another 35 patients were pathologically 
confirmed as having other soft tissue disease (mean age, 
36.7 years; 19 female patients and 16 male patients) during 
the same period. Finally, these 93 patients were included in 
the study as the validation set. The validation set was used 
to examine the performance of the diagnostic model. 
Demographic characteristics of the study population are 
summarized in Table 2. Additionally, categorical evaluation 
of US exam in both sets from reader B is listed in Table 3.
Table 4 shows the interobserver agreement of US features 
among the two readers. High degree of agreement was 
shown for almost all variables, including more-than-
half-depth involvement of the dermal layer (κ = 0.91), 
“submarine sign” (κ = 0.91), posterior wall enhancement 
Data set
Patients included,
January 2008–October 2017
n = 205 (ECs: n = 114, others: n = 91)
Derivation set
Patients included,
January 2008–December 2013
n = 112 (ECs: n = 56, others: n = 56)
US feature variables
selected
by multiple logistic regression
Diagnostic model
Discrimination
(ROC-AUC)
Discrimination
(ROC-AUC)Calibration Calibration
Validation set
Patients included,
January 2014–October 2017
n = 93 (ECs: n = 58, others: n = 35)
Bootstrapping
(200 resampling)
Fig. 5. Algorithm showing statistical analysis schema. AUC = area under curve, ROC = receiver operating characteristic
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Table 2. Demographic Data of Derivation and Validation Sets
Variable
Derivation Set Validation Set
Total (n = 112) EC (n = 56) Others (n = 56) P Total (n = 93) EC (n = 58) Others (n = 35) P
Age 40.6 ± 17.3 37.3 ± 16.3 43.9 ± 17.8 0.046 36.9 ± 16.0 37.0 ± 14.5 36.7 ± 18.5 0.949
Sex 0.848 0.003
Female 65 (58.0) 32 (57.1) 33 (58.9) 33 (35.5) 14 (24.1) 19 (57.1)
Male 47 (41.2) 24 (42.9) 23 (41.0) 60 (64.5) 44 (75.9) 16 (42.9)
Data for age are means ± standard deviation. Data for sex shows number of patients, with percentage in parentheses. EC = epidermal cyst
Table 3. Chi-Square Test or Fisher’s Exact Test for Derivation and Validation Sets
Variable
Derivation Set Validation Set
Total
(n = 112)
EC
(n = 56)
Others
(n = 56)
P
Total
(n = 93)
EC 
(n = 58)
Others
(n = 35)
P
More-than-half-depth of dermal 
  layer involvement
< 0.001 < 0.001
Presence 69 (61.6) 47 (83.9) 22 (39.3) 67 (72.0) 52 (89.7) 15 (42.9)
Absence 43 (38.4) 9 (16.1) 34 (60.7) 26 (28.0) 6 (10.3) 20 (57.1)
Submarine sign < 0.001 < 0.001
Presence 45 (40.2) 40 (71.4) 5 (8.93) 40 (43.0) 36 (62.1) 4 (11.4)
Absence 67 (59.8) 16 (28.6) 51 (91.1) 53 (57.0) 22 (37.9) 31 (88.6)
Posterior acoustic enhancement < 0.001 0.036
Presence 78 (69.6) 49 (87.5) 29 (51.8) 72 (77.4) 49 (84.5) 23 (65.7)
Absence 34 (30.4) 7 (12.5) 27 (48.2) 21 (22.6) 9 (15.5) 12 (34.3)
Posterior wall enhancement 0.115 0.004
Presence 72 (64.3) 40 (71.4) 32 (57.1) 62 (66.7) 45 (77.6) 17 (48.6)
Absence 40 (35.7) 16 (28.6) 24 (42.9) 31 (33.3) 13 (22.4) 18 (51.4)
Morphology < 0.001 < 0.001
Presence 62 (55.4) 42 (75.0) 20 (35.7) 61 (65.6) 52 (89.7) 9 (25.7)
Absence 50 (44.6) 14 (25.0) 36 (64.3) 32 (34.4) 6 (10.3) 26 (74.3)
Shape 0.047 0.025
Oval 71 (63.4) 39 (69.6) 32 (57.1) 63 (67.7) 45 (77.6) 18 (51.4)
Round 9 (8.0) 1 (1.8) 8 (14.3) 4 (4.3) 2 (3.5) 2 (5.7)
Irregular 32 (28.6) 16 (28.6) 16 (28.6) 26 (28.0) 11 (19.0) 15 (42.9)
Margin 0.443 0.061
Circumscribed 79 (70.5) 40 (71.4) 39 (69.6) 68 (73.1) 47 (81.0) 21 (60.0)
Indistinct 14 (12.5) 5 (8.9) 9 (16.1) 16 (17.2) 8 (13.8) 8 (22.9)
Lobulated 19 (17.0) 11 (19.6) 8 (14.3) 9 (9.7) 3 (5.2) 6 (17.1)
Echogenicity 0.470 < 0.001
Hyper- 7 (6.3) 2 (3.6) 5 (8.9) 9 (9.7) 0 (0.0) 9 (25.7)
Iso- 25 (22.3) 14 (25.0) 11 (19.6) 21 (22.6) 15 (25.9) 6 (17.1)
Hypo- 80 (71.4) 40 (71.4) 40 (71.4) 63 (67.7) 43 (74.1) 20 (57.1)
Vascularity 0.198 < 0.001
Negative 15 (13.4) 7 (12.5) 8 (14.3) 53 (57.0) 30 (51.7) 23 (65.7)
Central 34 (30.4) 13 (23.2) 21 (37.5) 13 (14.0) 3 (5.2) 10 (28.6)
Peripheral 63 (56.3) 36 (64.3) 27 (48.2) 27 (29.0) 25 (43.1) 2 (5.7)
Perilesional fat change 0.004 0.119
Presence 51 (45.5) 33 (58.9) 18 (32.1) 36 (38.7) 26 (44.8) 10 (28.6)
Absence 61 (54.5) 23 (41.1) 38 (67.9) 57 (61.3) 32 (55.2) 25 (71.4)
Data are number of patients according to each US features, with percentage in parentheses.
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(κ = 0.90), morphology (κ = 0.93), echogenicity (κ = 
0.88), shape (κ = 0.93), margin (κ = 0.84), vascularity (κ = 
0.92), and perilesional fat change (κ = 0.85). However, the 
kappa value for posterior acoustic enhancement indicated 
substantial agreement (κ = 0.77).
In the univariable regression, we considered variables that 
had p value less than 0.05, including more-than-half-depth 
involvement of the dermal layer (p < 0.001), “submarine 
sign” (p < 0.001), posterior acoustic enhancement (p < 
0.001), morphology (p < 0.001), posterior wall enhancement 
(p = 0.117), and perilesional fat change (p = 0.005). 
Thereafter, via stepwise multivariable logistic regression, 
more-than-half-depth involvement of the dermal layer (OR = 
3.35; 95% CI = 0.99–11.3; p = 0.051), “submarine sign” (OR 
= 12.2; 95% CI = 3.46–42.8; p < 0.001), and morphology 
(OR = 5.44; 95% CI = 1.82–16.2; p = 0.002) were associated 
with EC. The result is listed in Table 5. Probability of EC can 
be calculated by using the following equation:
                                               1
Probability of EC = __________
                              (1 + e-LP)
where e is the exponential constant (e = 2.718), LP is the 
linear predictor, and
LP = -2.5768 + 1.2074 x L + 2.4494 x SM + 1.693 x MP
where L is the value for whether the lesion involved more 
More-than-half-depth involvement of dermal layer
Submarine sign
Point
Morphology
Total point
Probability
0       10       20       30       40       50       60       70       80       90      100
0      20     40     60      80    100    120    140    160   180   200    220   240
0.1         0.2     0.3    0.4   0.5   0.6   0.7     0.8         0.9
No
No
No
Yes
Yes
Yes
Fig. 6. Nomogram visualizing diagnostic model for predicting of EC. Point corresponding to each US feature can be determined using at 
uppermost scale (more-than-half-depth involvement of dermal layer = 48 [solid arrow]; “submarine sign” = 100 [dashed arrow]; and morphology 
= 68 [dotted and solid arrow]). Then, sum of all points is matched at scale of total point. Further, line drawn down from at that point helps 
calculate probability of EC. If calculated probability exceeds 0.44, it is considered highly likely to be EC.
Table 4. Inter-Reader Agreement on US Features from Kappa 
Statistics (95% CI)
Variable κ (95% CI)
More-than-half-depth involvement of 
  dermal layer
0.91 (0.82–0.99)
Submarine sign 0.91 (0.83–0.99)
Posterior acoustic enhancement 0.77 (0.64–0.90)
Posterior wall enhancement 0.90 (0.82–0.99)
Morphology 0.93 (0.86–0.99)
Shape 0.93 (0.86–0.99)
Margin 0.84 (0.74–0.94)
Echogenicity 0.88 (0.78–0.97)
Vascularity 0.92 (0.86–0.99)
Perilesional fat change 0.85 (0.76–0.95)
Data are κ values with 95% CIs in parentheses. 95% CI = 95% 
confidence interval
Table 5. Logistic Regression for US Features Predicting EC among Superficial Soft Tissue Lesions in Derivation Set
Variable
Univariable Analysis Multivariable Analysis
OR (95% CI) P OR (95% CI) P
More-than-half-depth involvement of dermal layer 8.07 (3.31–19.70) < 0.001 3.35 (0.99–11.25) 0.051
Presence of submarine sign 25.5 (8.61–75.56) < 0.001 12.2 (3.46–42.82) < 0.001
Presence of morphology 5.40 (2.39–12.20) < 0.001 5.44 (1.82–16.22) 0.002
Presence of posterior acoustic enhancement 6.52 (2.52–16.85) < 0.001
Presence of posterior wall enhancement 1.88 (0.86–4.11) 0.117
Presence of perilesional fat change 3.03 (3.18–6.56) 0.005
Data in parentheses are 95% CIs. OR = odds ratio
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than half the depth of the dermal layer (yes, L = 1; no, L = 
0), SM is the value for the “submarine sign” (yes, SM = 1; 
no, SM = 0), and MP is the value for morphology (yes, MP = 
1; no, MP = 0). A nomogram was constructed on the basis 
of the result of the stepwise multivariate analysis from 
the derivation set (Fig. 6). Via the summation of points of 
each variable, it was possible to estimate the probability 
by calculation of equation and visual assessment of the 
nomogram. The nomogram used for visual assessment is 
shown as examples in Figures 7 and 8.
The diagnostic model from the derivation set showed an 
excellent ability for discrimination (AUC = 0.888, 95% CI = 
0.825–0.950; Hosmer-Lemeshow goodness-of-fit test, p = 
0.656) (Fig. 9A) and calibration (Fig. 9B). The diagnostic 
model was applied to the external validation set and 
showed good ability for discrimination (AUC = 0.902, 95% 
CI = 0.832–0.972; Hosmer-Lemeshow goodness-of-fit test, 
p = 0.034) (Fig. 10A) and calibration (Fig. 10B).
By calculating the maximum Youden index and analyzing 
the ROC curve, we determined the optimal cut-off of the 
diagnostic model from the derivation set, which was 0.44. 
In the validation set, the diagnostic model showed 91.4% 
sensitivity (95% CI = 84.2–98.6), 77.1% specificity (95% 
CI = 63.2–91.1) and 86.0% accuracy (95% CI = 79.0–93.1). 
Likewise, in the derivation set, it showed 82.1% sensitivity 
(95% CI = 72.1–92.2), 85.7% specificity (95% CI = 76.5–
94.9) and 83.9% accuracy (95% CI = 77.1–90.7). The detail 
of the estimation is given in Table 6.
By using DeLong method, we found that the “submarine 
sign” showed the highest predictive power (AUC = 0.813) 
Fig. 7. True positive example identified using developed nomogram. 
A. US exam obtained from 26-year-old male patient revealed subcutaneous nodule in anterior chest wall involving more-than-half-depth of 
dermal layer, “submarine sign” (arrowhead), and no posterior acoustic enhancement. Its morphology does not fit any of morphological criteria. 
B. Total point which is taken from nomogram of patient is 148 (48 + 100 + 0 = 148). This point is converted to predicted probability of 0.756 by 
using calculation of equation. Similar numerical value is obtained via visual assessment of nomogram (bold arrow). This lesion is pathologically 
confirmed as EC.
More-than-half-depth involvement of dermal layer
Submarine sign
Point
Morphology
Total point
Probability
0       10       20       30       40       50       60       70       80       90      100
0      20     40     60      80    100    120    140    160   180   200    220   240
0.1         0.2     0.3    0.4   0.5   0.6   0.7     0.8         0.9
No
No
No
Yes
Yes
Yes
A
B
1417
Ultrasound Feature-Based Diagnostic Model for Epidermal Cyst
https://doi.org/10.3348/kjr.2019.0241kjronline.org
among the image variables, including more-than-half-depth 
involvement of the dermal layer (AUC = 0.723), posterior 
acoustic enhancement (AUC = 0.679), and morphology (AUC 
= 0.696) (Table 7).
DISCUSSION
Our study demonstrated that the distinguishing features 
of EC on US include more-than-half-depth involvement 
of the dermal layer (OR = 3.35), “submarine sign” (OR = 
12.2) and morphology (OR = 5.44). The diagnostic model 
based on these US features suggests the presence of EC at 
the cutoff point of 0.44 with 91.4% sensitivity and 77.1% 
specificity for validation set and 82.1% sensitivity and 
85.7% specificity for the derivation set. We believe that 
our diagnostic model could help differentiate EC from other 
superficial soft tissue disease on US.
Unlike previous investigations, we excluded the US 
finding of posterior acoustic enhancement from our 
diagnostic model. Posterior acoustic enhancement has 
Fig. 8. True negative example identified using developed nomogram. 
A. Subcutaneous nodule in left calf of 30-year-old male patient is noted with internal cystic change and posterior acoustic enhancement on US 
exam. However, this lesion shows less than half-depth involvement of dermis and no “submarine sign.” Morphology of this lesion does not fit any 
of known typical morphology of EC. This mass was excised and was found to be schwannoma with cystic degeneration and hemorrhage. B. Total 
point obtained from nomogram of patient is 0 (0 + 0 + 0 = 0). As it yields predicted probability of 0.07 by using equation, visually assessed 
probability based on nomogram is less than 0.10 and lower than cut-off value of 0.44.
More-than-half-depth involvement of dermal layer
Submarine sign
Point
Morphology
Total point
Probability
0       10       20       30       40       50       60       70       80       90      100
20     40     60      80    100    120    140    160   180   200    220   240
0.1         0.2     0.3    0.4   0.5   0.6   0.7     0.8         0.9
No
No
No
Yes
Yes
Yes
A
B
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been reported as a diagnostically important feature in 
previous investigations (2, 3, 35). However, we excluded 
it because its predictive power was less than those of the 
other US features in the AUC analysis. Collinearity between 
‘morphology’ and ‘posterior acoustic enhancement’ caused 
the discrepancy between our study and the previous 
investigations. Furthermore, morphology has been reported 
as an important feature for diagnosing EC. Huang et 
al. (23) emphasized the “pseudotestis appearance” of 
EC, which we used as a morphological indicator in this 
study. Moreover, the morphological features supported by 
pathologic findings in the study of Lee et al. (2), were also 
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Fig. 9. Internal validation of diagnostic model. 
A. Discrimination performance. Following ROC curve analysis for diagnostic model of EC was obtained in derivation set. AUC was 0.888 (95% CI, 
0.825–0.950). B. Calibration ability. Dashed line was reference line where ideal diagnostic model would lie. Dotted line was calibration ability of 
diagnostic model, while solid line corrects for bias. 95% CI = 95% confidence interval
Fig. 10. External validation of diagnostic model. 
A. Discrimination performance. In independent validation set, it was shown as following ROC curve analysis for diagnostic model of EC. AUC was 
0.902 (95% CI, 0.832–0.972). B. Calibration ability. Soft and thickly drown diagonal line represents reference line where ideal diagnostic model 
would lie. Lines, that stand for calibration ability of diagnostic model in independent validation set with both logistic calibration (solid line) and 
nonparametric calibration (dotted line, using lowess), almost coincide with ideal reference.
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adopted in our study. Based on our results, we believe that 
morphology should be more focused than posterior acoustic 
enhancement in differentiating EC from other superficial 
soft tissue mass-like lesions. 
Most of the ECs consisted of keratin debris and were 
lined with stratified squamous epithelium, arising from the 
follicular portion of the body (2, 3, 36). The presence of the 
tract towards the skin was previously inferred to represent 
the hair follicle of the dermis towards the epidermis of the 
EC (37). The “tract-to-skin sign” has been described and is 
presumably well known to radiologists and dermatologists 
as a representative characteristic of EC (14, 38), but this 
concept was not examined for its statistical significance. 
We believe that the “submarine sign” we have suggested 
in this study is closely related to the “tract-to-skin sign” 
with statistical consideration. The “submarine sign” is 
expected to be correlated with the punctum connecting the 
epidermis to the EC. Although the incidence of the punctum 
has not been rigorously investigated previously, to the best 
of our knowledge, the previous investigation did report the 
punctum in 40% of 34 EC (28). In this study, we did not 
directly correlate the punctum and the “submarine sign” 
in each case using radiopathologic comparison. However, 
we believe that the “submarine sign” could suffice as 
an important image feature based on the results of our 
study and previous studies describing the presence of the 
punctum histologically (28) and radiologically (23, 37). 
Finally, the diagnostic model from our study shows 
82.1% sensitivity and 85.7% specificity. At first glance, 
our diagnostic model seems to have a similar degree of 
sensitivity and specificity to those described in previous 
studies (9, 10). However, the study population itself 
differs from those of other studies because it only includes 
patients with lesions that require differential diagnosis 
owing to their similar appearance on US examination. 
Through the study design, we intentionally attempted to 
analyze the difference between EC and comparable lesions. 
As a result, lipomas and other deeply located soft tissue 
lesions were excluded. To our knowledge, the differentiating 
point between EC and similar lesions has not been reported 
previously. Furthermore, the reviewer who performed the 
exclusion did so only on the basis of the US finding without 
having access to any clinical information.
Several limitations of this study should be addressed. 
First, this study was retrospective. Hence, potential 
selection bias cannot be avoided. Characteristics such as 
more-than-half-depth involvement of the dermal layer and 
“submarine sign“ could have been under detected as these 
features could be overlooked while acquiring the images 
used in this study. Second, the study population with 
EC was not further classified according to the existence 
of rupture. A ruptured EC is known to have giant cells 
with keratin material at the ruptured site on pathologic 
examination (2). Yuan et al. (39) reported that ruptured 
EC had lobulated margins rather than the oval- shaped 
margins seen in unruptured EC. However, Jin et al. (40) 
argued that the presence of a focal protrusion and not a 
lobulation in EC can serve as a feature for the differential 
diagnosis of ruptured and unruptured EC. However, the 
focal protrusion known as “submarine sign” can be applied 
to both ruptured and unruptured EC, because this sign is 
based on their possible developmental origin. In this study, 
we did not compare the exact location between a clinically 
visible punctum and the “submarine sign” in the lesions. 
Additionally, a ruptured EC may reveal more blood flow; 
hence, the value of a variable such as lesional vascularity 
may be low. Third, the accuracy of this diagnostic model 
Table 6. Estimation of Diagnostic Model by Using Cut-Off Value of 0.44
True 
Positive
True 
Negative
False 
Positive
False 
Negative
AUC 
(95% CI)
Sensitivity 
(95% CI)
Specificity 
(95% CI)
Accuracy 
(95% CI)
Derivation set 46 48 8 10
0.888
(0.825–0.950)
82.1
(72.1–92.2)
85.7
(76.5–94.9)
83.9
(77.1–90.7)
Validation set 53 27 8 5
0.902
(0.832–0.972)
91.4
(84.2–98.6)
77.1
(63.2–91.1)
86.0
(79.0–93.1)
Data on true positive, true negative, false positive and false negative are number of patients. Data on sensitivity, specificity and accuracy 
are percentage with 95% CI in parentheses. AUC = area under curve
Table 7. Comparison of Predictive Power of Single Image 
Variable
Variable AUC (95% CI)
More-than-half-depth involvement 
  of dermal layer
0.723 (0.642–0.804)
Submarine sign 0.813 (0.742–0.883)
Posterior acoustic enhancement 0.679 (0.599–0.758)
Morphology 0.696 (0.611–0.782)
Data in parentheses are 95% CIs.
1420
Lee et al.
https://doi.org/10.3348/kjr.2019.0241 kjronline.org
with a cut off value of 0.44 could be limited because the 
actual prevalence of EC could not be reflected in this study 
population. Therefore, our current model needs to be further 
assessed for its diagnostic performance by using data from 
other populations. 
In conclusion, more-than-half-depth involvement of the 
dermal layer, presence of “submarine sign,” and morphology 
has a strong association with EC. The “submarine sign” 
is a useful US marker for EC, even though it has not been 
validated with pathologic diagnosis in each case. The 
nomogram developed in our study is expected to contribute 
as a quantitative tool for the differential diagnosis of EC, 
thereby aiding therapeutic decision-making.
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